Short-chain fatty acids alter tight junction permeability in intestinal monolayer cells via lipoxygenase activation.
Involvement of lipoxygenase (LOX) and cyclo-oxygenase (COX) on cellular differentiation or apoptosis induced by butyrate has been reported recently, but the effect on tight junction (TJ) permeability has not been reported. One major activity of butyrate and, to a lesser extent, propionate is to modulate gene transcription via histone acetylation by their histone deacetylase inhibitor activity. In this study, we evaluated the activation of LOX and COX in TJ permeability changes by short-chain fatty acids, butyrate, propionate, and acetate in intestinal monolayer cells and their possible mechanism by histone acetylation. The effects of LOX and COX inhibitors on TJ permeability and the expression of LOX or COX mRNA induced by short-chain fatty acids were investigated in Caco-2 cells using Transwell chambers. The effects of hydroxyeicosatetraenoic acid (a product of LOX) on TJ permeability were also evaluated. The effects of short-chain fatty acids were compared with those of trichostatin A (histone deacetylase inhibitor). A LOX inhibitor clearly inhibited the effect of butyrate on TJ permeability, whereas COX inhibitors did not. The LOX and COX inhibitors partly inhibited the effects of propionate but not of acetate. Butyrate increased LOX mRNA expression, and hydroxyeicosatetraenoic acid and trichostatin A mimicked its effect. These results suggest that short-chain fatty acids, especially butyrate, induce TJ permeability changes through LOX activation through histone acetylation.